
Lecture 2: Stationary electric field (Electrostatic)

• Coulomb’s Law

• Electric field , electric displacement field, and electric potential

• Conservative vector field: E in stationary electric field

• Gauss’s law



Divergence and Stoke’s theorem
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Coulomb’s law:  force between electrostatic charges

The electrostatic force has the same functional form as Newton’s law of gravity 

The electrostatic force between two electric charges: 

1) directly proportional to the product of the magnitudes of charges 

2) inversely proportional to the square of the distance between them

3) The force is along the straight line joining them.
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ෞ𝒓𝟏𝟐 is just for direction, its absolut value is 1.

Published in 1785 by French physicist Charles-Augustin de Coulomb and was essential to the development of the theory of 
electromagnetism

https://en.wikipedia.org/wiki/Charles-Augustin_de_Coulomb
https://en.wikipedia.org/wiki/Classical_electromagnetism
https://en.wikipedia.org/wiki/Classical_electromagnetism


Vector force: superposition 
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Electric field (vector)

A stationary distribution of charges produces an electric field E in vacuum

Vector: 𝑬 =
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Electric displacement field: the equation is material independant. 

Electric displacement field D  and  D= 𝜀0𝐄. 

Vector: 𝑫 =
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𝜺𝟎 is  vacuum permittivity (physical Property) ε0 = 8.85e-12 F/m



Superposition: Vector E 



Electric potential ( Voltage)

Electric potential definition 𝑉 =
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The potential difference between two points A and B:
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Electric field and potential ( voltage)

• Potential is a scalar. 

• 𝑉 = −  𝑬. 𝒅𝒍
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Conservative vector field: stationary electric field

Stationary Electric field is a conservative vector.

. Conservative vector fields have the property that the line integral is 
path independent.

. A conservative vector field is also Ir-rotational. In three dimensions , it 
has vanishing curl. 𝛻 × 𝑓=0. 



Example: find out the uknown potentials

in a stationaly electric field,  the potential at each point is listed in a)
 in the same stationary field  and the potential at point d is 3V with 
another reference point. what are the potential that are missed in b). 
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Example: field of a ring of charge
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Charge ring with radius a and line charge density: ρl
Let calculate E at pont on the z axis.
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The resultant E at z-axis is also in the direction of z-axis.



Example: electric field around a charged ball

What is the electric field outside a charged ball with total charge Q?  ( r>>a )

Vector: 𝑬 =
𝑸

𝟒𝝅𝜺𝟎𝒓𝟐 ො𝒓,     ( r>>a)



Gauss’ law
Electric flux flowing out of a closed surface  = Total charge enclosed divided by 

the permittivity of the medium
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Electric displacement field D = ε𝐄. 

D  is independent of medium:  

• 𝛻 ∙ 𝐷 = 𝜌
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Example:coaxial cable

Assumming :  infinite long cable
Calculating electric field E  between the out surface 
of inner cable and inner surface of the outer cable. 

Assuming  Unit length and  the  surface charge density is 

Circumference



Poisson equation



Point, line, surface and space charge



Electric field in dielectric

When a dielectric material is placed in an electric field:
1: electric charges do not flow through the material, but instead they shift slightly from their average equilibrium 
positions, causing dielectric polarization:
2: positive charges are displaced in the direction of the field and negative charges shift in the direction opposite to 
the field. This creates an internal electric field that reduces the overall field within the dielectric itself

  Electric polarization produced by the electric field in a material dependent.
  Polarization reduces the overall field within the dielectric material.

.
 

𝑭𝒕𝒐𝒕 = 
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Vector: 𝑬 =
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https://en.wikipedia.org/wiki/Electric_charge


Electric polarization and material permittivity 

The influence of electric polarization:    𝑫 = 𝜀0𝑬 + 𝑷

• 𝑫 = 𝜀0𝑬 + 𝑷

• 𝑷 = 𝜀0χ𝑒𝑬

• 𝑫 = 𝜀0𝑬 + 𝜀0χ𝑒𝑬 = 1 + χ𝑒 𝜀0𝑬 : χ𝑒 called electric susceptibility

• 1 + χ𝑒 = 𝜀𝑟   relative permittivity: 

• 𝜀 = 𝜀𝑟𝜀0  electric permittivity .( dielectric material property)



Example: coaxial cable with dielectric material 
and airgap

a) D is material independant:

b) D is material independant:
Assumming :  infinite long cable
Calculating electric field E  between the out surface 
of inner cable and inner surface of the outer cable.
a) The permittivity is  

b) when
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